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ABSTRACT

A graph G is (r, 2, (r-n)(r - 1)) - regular, for any r > n if each vertex in the graph G is distance one from r vertices and
each vertex in the graph G is distance two from exactly (r- n) (r -1) number of vertices. |n this paper, we have suggests

a method to construct (r, 2, (r-n)(r-1)) - regular graphs, for all r >n >2.
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1. INTRODUCTION

In this paper, we consider only finite, simple, connected graphs. Notations and terminology that we do not define here

can be found in Harary [6} and J.A. Bondy and U.S.R.Murty [4]. We denote the graph G by (V(G), E(G)). The degree
of a vertex v is the number of edges incident at v and we denote it by d(v). A graph G is regular if all its vertices have
the same degree. The set of all vertices at a distance one from r is denoted by N (v).

In a connected graph G, the distance between two vertices u and v is the length of a shortest (u, v) path in G and is
denoted by d (u, v). Consequently, we define the degree of a vertex v is the number of vertices at a distance 1 from v.
This observation suggests a generalization of degree. That is, d 4 (v) is defined as the number of vertices at a distance d
from v. Hence d;(v) = d(v) and N 4(v) denote the set of all vertices that are at a distance d away from v in a graph G.
Hence Ny(v) =N (v).

A graph is said to be distance d-regular [5] if every vertex of G has the same number of vertices at a distance d from it.
A graph G is called (d, k)-regular if every vertex of G has k number of vertices at a distance d from it. The (1, k)-
regular graphs are nothing but our usual k- regular graphs.

A graph G is (2, k)-regular if d,(v)=k, for all v in G. The concept of the semiregular graph was introduced and studied
by Alison Northup [2]. A graph G is said to be k-semiregular graph if each vertex of G is at a distance two away from
exactly k vertices of G. We observe that (2, k)-regular graphs are k-semiregular graphs. Note that a (2, k)-regular graph
may be regular or non-regular. Among the two (2, k)-regular graphs given in figure 1, (i) is regular whereas (ii) is non-
regular.

(i) (ii)
Figure-1

In this paper, we call r- regular graphs which are (2, k)-regular by (r, 2, k) - regular graph.
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2. (r, 2, k) - regular graph

Definition 2.1: A graph G is called a (r, 2, k)-regular if each vertex in the graph G is at a distance one from exactly r
vertices and at a distance two from exactly k vertices. That is, d(v) = r and d,(v) =k, for all vin G.

Example 2.2: (r, 2, k) - regular graphs.

0 g

(3,2,(3-3)(3-1)) -regular  (3,2,(3-2)(3-1)) -regular (3,2,(3-1)(3-1)) -regular (3,2,3(3-1) -regular
Figure-2

The following facts are known from literature.

Fact 1 [8] Foranyr> 1, agraph Gis (r, 2, r(r-1)-regular if G is r-regular with girth at least five.

Fact 2 [9] For any odd r > 3, there is no (r, 2, 1)-regular graph.

Fact 3 [9] Any (r, 2, K)-regular graph has at least k+r+1 vertices.

Fact 4 [9] If r and k are odd, then (r, 2, k)-regular graph has at least k+r+2 vertices.

Fact5[9] Foranyr>2and k> 1, Gisa (r, 2, k)-regular graph of order r+k+1 if and only if diam (G) = 2.

Fact 6 [9] For any r>1,ifGisa(r, 2, (r-1)(r-1))-regular graph, then G has girth four.

Fact 7 [10] For any r > 1, there exist a (r, 2, r-1)-regular graph of order 2r.

Fact 8 [10] For any r > 1, there exist a (r, 2, 2 (r-1))- regular graph of order 4r-2.

Fact 9 [11] Forany r >2, there exist a (r, 2, r+n) - regular bipartite graph of order 2 (r +n + 1), for (0 < n < r.

Fact 11 [8] For any n> 5, (n # 6,8) and any r > 1, tthere exists a (r, 2, r (r-1))-regular graph on n x 2" vertices with
girth five.

Fact 12 [9] For any r > 2, there is a (r, 2, (r-1)(r-1))-regular graph on 4 x 22 vertices.
Fact 13 [10] For any r > 2 , there is a (r, 2, (r-2)(r-1)-regular graph on 3 x 2”2 vertices.
Fact 14 [11] For any r > 3, there is a (r, 2, (r-3)(r-1))-regular graph on 4x2" vertices.
Fact 10 [7] If G is (r, 2, k)-regular graph, then 0 < k < r(r-1)

Is it possible to construct the (r, 2, k )-regular graphs for all values of k from 0 to r(r-1), for any r? . With this
motivation, we have constructed the (r, 2, k) - regular graphs,for k = r(r-1)[8], k = (r-1)(r-1)[9], k = (r-2)(r-1)[10] and k
= (r-3)(r-1)[11].

The constructions given in [10] and [11], motivate us to construct (r, 2, (r-n) (r-1)-regular graph, for any r > n.

3.(r, 2, (r=n) (r- 1)) - regular graphs

In this section, we have given a method to construct a (r, 2, (r-n) (r-1))-regular graph with (n+1) x 2" vertices, for any
rn>2.

Definition 3.1: A graph G is called (r, 2, (r-n)(r-1))-regular graph, for r > n if each vertex in the graph G is at a distance
one from r vertices and each vertex in the graph G is at a distance two from (r-n)(r-1) vertices.

Theorem 3.2: Any r>n > 2, there exists a (r, 2, (r — n) (r - 1))- regular on (n+1) x 2" vertices.

Proof: If r = n, Complete graph on (n+1) vertices is the required graph.
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Let us prove this result by induction on'r.

Let G be a graph with vertex set V(G) ={x{, x®/ (0 <i < n)} and edge set

n-1 n-1

EQ) ={x"x?/0<izm | txx®r@<izni) U {x@x@1a<i<nip
i=0 i=0

For (0 < i< n), (Subscripts are taken modulo n).

N (Xi(l)) = {Xi+1(2), Xis2? | Xisa?, oo Xi+n(2)} and d (Xi(l)) =n.

N (Xi(Z)) = {Xi+1(l), Xis2™ | Xia yon Xi+n (2)} and d, (Xi(l)) =n.

G is ((n+1), 2, ((n+1)-(n)) (n+1-1)) - regular graph on (n+1) x 2™ = 2(n+1) vertices.
Step-1: Take another copy of Gas G’ . Let V(G') ={x®, x® /(0 <i<n)! and E(C') = {x® x®/ (0<i<n)}

n-1 n-1
U o@x@ @a<j<ni) 3}l @%@ 1<i<n-i}

i—0 i—0
The desired graph G, has the vertex set V(G1)= V(G) U V(G'). edge set E(G1)= E (G)UE (G )U{ x® xius®, x@ x. @
(0<i < n)} (Subscripts are taken modulo (n+1).Now the resulting graph G, is ( n+2) regular graph having (n+1) x
2" (W= 4(n+1) vertices.

Consider the edges ¥ x;,;” for (0 <i<n).

For (0 <i<n),

N(X®) = 661, xiso®, Xiwa™,o.. ... Xin ™, xP}3in G and | Nx®) | =n+1in G.
i 1 [
NINXG®)) = £, xiss®, % @, ... Xiin @, @Y in G and ‘N(N(Xi )=n+1in G
! !
N1 @) = 069, xir2®, Xisa™® ... xin @, %1} in G’ and | N(xiss®) | = n+1in G

4
N(N(Xi+1(4))) = {Xi+1(1), Xi+2(1), Xi+3(1),... Xi+n (1), Xi+1(2)} in G and ‘N(N(XH_]_ )‘ =n+linG.

d, of each vertex in C®, where C® is the cycle induced by the vertices{x;"/0<i<n}
No(6%) in G; = No(xi®) in G U N(xis®) in G"U N(N(x®) in G

- - 4 - !
= Nz(Xi(l)) inGU {Xi(4), Xi+2(4)y Xi+3(4)y---xi+n @ ,Xi+1(3)} in G U{Xi+2(4), Xi+3(4) 1 Xi (4), ----- Xij+n (4), Xi(a)} in G,

’
=N2(Xi(1)) inGU {Xi+2(4)y Xi+3(4), Xi (4),----Xi+n (4),Xi+1(3) ,Xi(g)} n G

Here Xio™, Xiss® i @,..... Xien @ are the common elements in N(x;:.) in G"and N(N(x{?)) in G".

da(x V) in Gy = dy(xP) in G + (d(xin®) in G+ ‘N(N(Xil)‘ in G'y-n.
= n+(n+1+n+1)-(n)=2(n+1) = [(n+2)-(n)[ (n+2-1), (0 <i <n).

d ,- of each vertex in C® , where C® is the cycle induced by the vertices {x;/0<i<n}
Na(Xix1?) i G1 = Nao(xiss ) in G"U N(x)) in G U N(N(xi1s®)) in G
=N2(Xi+1(4)) in G’ U{Xi+1(l), Xi+2(1), Xi+3(1),... Xi+n (l), xi(z)}in GU{ Xi+1(l), Xi+2(1), Xi+3(1), ...... Xi+n (1), Xi+1(2)}
in G.
= Nz(Xi+1(4)) in G’ U {Xi+1(1), Xi+2(1), Xi+3(1), ......... Xisn 7y Xi(z), Xi+1(2)} in G.

Here, Xir2®, Xis1®, Xirg®, ...... Xin ) are the common element in N(x{)) in G and N(N(x;:+¥)) in G.

) 61 = (€xxa®) in G +(dx®) in 6 + NN, Y in ) -
=n+ (n+1+n+l) - () =2(n+1) = [(n+2) - (N)[ (n + 2 - 1), (0 <i<n).

Next consider the edges x;® x;®, for (0 <i<n).
For (0<i<n).
N?) = {xi1@, Xi:2?, Xi43@, oo Xin®, x P} in G and | N(x®) | =n+1in G.

' 2 '
NNX@®)) = {x6a1®, Xi2®, Xies@ 1. X, X @} in G and ‘N(N(Xi )=n+1in G
1 ’
NG®) = 6@, %002 L %02 o X, %@ in Gand |[Nx®) |=nt1in G
3
N(N(Xi(g))) = {Xi+1(2), Xi+2(2), Xj+3 (2),... Xi+|"|(2)v Xj+3 (1)} in G and ‘N(N(X| )) =n+linG.
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d ,- of each vertex in C?, whereC® is the cycle induced by the vertices{x?/0<i<n}
No(%®) in G; = No(x®) in G U N ®) in G" U N(N(x®)in G

- ! -
=N(x®) in G U{ Xis1®, %12, xiea® ;... Xien® @ 3 in G U {401, %02, xiea ... Xien® i@} in G
=Na(xi 2)) inG U{ X|+1 X|+2( ), X.+3( ) Xi+n(3). Xi(4). Xi+1(4)} in G

Here, Xis1®, Xi2®, Xixs® ... Xien® are the common elements in N(x; ®) in G"and N(N(x{®)in G

d () in Gy= dy(x®) in G + (d(x; @) in G'+ ‘N(N(Xiz)‘.in G'y.n.
= ni(n+14n+1)-(n)=2(n+1)= [(n+2)-(n)[ (n+2-1), (0 <i<n).

d, of each vertex in C®, where C® is the cycle induced by the vertices {x;®/0<i<n}

No(6@) in Gy = No(x@) in G" U N(x @) in GU N(N(x®) in G
= No(x@) in G'U £61®, %102?, 1152, .. Xien@, x P} in G Ufxinn@, %o, Xius@, .. Xien?, X113V} in G.
= No(6@) in O U@, x0?, xis®, .. xin@, %@, 3@} in G

2

Here, xis1®, Xi2?, Xixs®, ... Xin® are the common elements in N(x; ®) in G and N(N(x{®) in G.

d,(6?) in G1= dy(x@) in G+ (A @) in G + ‘N(N(Xig))‘ inG) - n.
=n+(n+1+n+1)-(n)=2(n+1)= [(n+2)-(n)[ (n+2-1), (O <i<n).

In Gy, for (1< t<4), dy(x") =[(n+2)-(n)] (1+2-1), (0 <i<n).
Gy is ((n+2) 2, ((n+2)-(n)) (n+2-1) )-regular having ( n+1) x 22" = 4(n+1) vertices with the vertex set
V(Gy) ={ xV(1< t<2™?),(0 <i<n)}and E(G,) =

E(GUE (G' WL X® xi1®, %@ x®7 (0 <i<n)}.Therefore, the result is true for r = n+2.

Step-2: Take another copy of Gy as Gf with the vertex set V( Gp )={x¥/( 2”1t 27, (0< i < n)}and each x,",
(25%+1<t <253, corresponds to x¥, (1 <t <2%%), for (0 <i<n).

The desired graph G; has the vertex set V(G,) = V(G1)U V( Gl') and edge set
E(G») = E(G1)U E(C U x:11® %@ x ™, x@ x:11® % &/ (0 < i < my}(Subscripts are taken modulo (n+1).

Now the resulting graph G, is (n+3) regular graph having (n+1) x 2™3" =

=8 (n+1) vertices.
consider the edges xY) x;.+®, for (0<i <n).

For (0<i<n).
N(Xi(l)) = {Xi+1(1), Xi+2(1), Xi+3(1) . Xi+n(1)y Xi(z) s Xi+1(4) }In Gl and | N(Xi(l)) | =n+2in Gl.

G/
e

/ 1 .
NN™) = {6 @ xi:2®, xias®, .. %00, X %11 3 in Gpand |N(N(Xi ))| =n+2, in
N(Xi+1(8)) ={x (8): Xi+2(8) ) Xi+3(8) yoes Xi+n(8): Xi+1(7) ) X ® }in Gi and | N(Xi+1(8)) | =nt2in

8
N(N(Xi+1(8))) = {Xi+1(1), Xiso, Xira®, o Xin® |, X Xi(4)} in G, and ‘N(N(Xm ))‘ =n+2in Gy,

d,- of each vertex in CY, where C" is the cycle induced by the vertices xPro<i<n}
No(xi®) in Gy = No(xi®) in G; U N(xir®) in G, U N(N(x®) in ©

=N2(x) in GU {6 @, xis2®, xi2®, ... Xian®, %P X1 )} in G U { x® xira®, xia®,...... Xien®, X7
i '
xin® 3 in Gy
- - !
:NZ(Xi(l)) in Gy U {x; (8), Xi+2(8)y Xi+3(8), ------ Xi+n(8)y Xim, Xi+1(5), Xi (5)’ Xi+1(7)} n Gl .

’
Here xi®, io® | xies® ... xi4n® are the common elements in N(xi.®) in 1 and N(N(x®@)in ©

(@) in G;= do(x®) in Gy + (d(xis®) in Gt + ‘N(N(Xil))‘ in G1)-n.
= 2(n+1)+(n+2+n+2)-(n)=3(n+2)= [(n+3)-(n)[ (n+3-1), (0 <i<n).

© 2018, IIMA. All Rights Reserved 210



N. R. Santhi Maheswari*/ (r, 2, (r-n)(r-1)) - regular graphs / IIMA- 9(4), April-2018.

d,- of each vertex in C®, where C(s) is the cycle induced by the vertices{x;®/0<i<n}
No(xis2®) in Gy = No(xi®) in G, U N(x; @) in Gy U N(N(x:21®)in G

—Nz(Xi+1 ) in Gl u {Xi+1(l): Xi+2(l), Xi+3(1), Xi+n(1) .Xu( X.+1 }ln G, U{X|+1 X|+2( ), Xi+3(1).---- Xi+n(l)
Xin®, %@} in Gy .
= Nz(Xi+1 ) in 1 U { X|+1 X|+2( ). Xi+3(1). Xi+n(1),Xi @ ) Xi+1( ) X.+1 } in G,
Here Xi1®, Xis2®, Xisa®, ... Xien® are the common elements in N(x; Y) in Giand N(N(x;+,®)in G,

(X1 ®) in Gy = (do(xia®) in ! + (d(x?) in G, + |N(N(Xi+18))| in G1)-n
do(xi:1®) in G, = 2(n+1)+(n+2+n+2)-(n)=3(n+2)= [(n+3)-(n)[ (n+3-1), (0 <i <n).

Next consider the edge x@ x| for (0<i<n).
For SO <i< n)
N ?) = {xi1?, X2, Xig, . Xian®@ XD x@Hn Giand | N(x?) | =n+2in Gy
2 '
NINGG®)) = D61 X2, Xisa ™, Xian® X1 @1 @Fin G1 and ‘N(N(Xi )| =n+2 in CL.

!

- , .
NG = %61 Xio®, Xias ™, Xian® 6@ %@, ¥in Grand | Nx®) |=n+2 in Gy

7
N(N(Xi(7))) = {Xi+1(2),Xi+2(2). Xi+3(2).--- Xi+n(7) ,Xi+3(l),Xi+3(3)} in G;and |N(N(Xi ))| =n+2 in Gy,

d,- of each vertex in C® where C? is the cycle induced by the vertices{x;®/ 0<i<n}
No(x:?) in G, = No(x®) in G1 U N(x ™) in 1 U N(N(x@)in C1
= Nz(Xi ) inG, U {Xi+1 1) %2, Xieg ™, Xien? i x 6)} In 1,U{Xi+1(7)yXi+2(7), Xiea oo Xien”
!
Xi+1(8) Xi+1(6)}in Gl

= Nz(X| )) inG, U {X|+1 X|+2( ), Xi+3(7).--- Xi+n(7), Xj (6), Xj (8). X|+1 X.+1 } m

Here , Xis”) X2, Xisg™,... Xisn' are the common elements in N(x; ) in G! and N(N(x®) in G/
’ 2
(%) in Gy= do(x@) in Gy + (d(x; @) in C1+ |N(N(Xi ))|in G/)-n.
= 2(n+1)+(n+2+n+2)-(n)=3(n+2) = [(n+3)-(n)[ (n+3-1), (0 <i<n).
d,- of each vertex in C” , where C is the cycle induced by the vertices{x"/ 0<i<n}
No(x ) in G, = Na(xi @) in G, U N(x @) in G, U N(N(x; ) in Gl.

[
= Ny(x; ) in G,u 1, %02, %03, ... Xien® %D %P} G1U xi1® Xis2® Xi5?, .. Xien® Xias™ X113}
in Gy

= Na(Xi (7)) in 1 U {X|+1 X|+2( )! Xi+3(2)y--- Xi+n(2)y Xi (3), Xj (1)! Xi+3 (3)1Xi+3(1)} in Gy,
Here Xii1? Xiso@, Xiss?, ... Xin® are the common elements in N(x; @) in G, and N(N(x; ") in G,.

d5(6 D) in Gy = (d>(x ) in G; + (d(x®) in G, + |N(N(X-7))| in G1)-n
do(xi ™) in G, = 2(n+1)+(n+2+n+2)-(n)=3(n+2)= [(n+3)-(n)[ (n+3-1), (0 <i<n).

Next consider the edge X x;.,® | for (0 <i<n).
NG = £ %@, %i02?, X2, o0 Xin®, x5, %@ ¥in Gy and | N(x®) |=n+2in G,

=n+2 in Gf.

' 3
N(N(Xi(a))) = {Xi (6),Xi+2(6) Xi+3(6),... Xi+n(6).,Xi(5), Xi(7) } in G1 and ‘N(N(X| ))
! ’
NG ®) = 269, X2 L Xias @, Xian® i1, %00 Fin G and [ N(xi®) |=n+2 in G,
6
N(N(x,+1 )) {X|+1 X2, Xias @ X i@, Xi+1(2)} in G, and ‘N(N(Xiﬂ ))‘ =n+2 in Gy,
d,- of each vertex in C®, where C® is cycle induced by the vertices {x;®) / 0<i<n}
No(%®) in G, = No(x®) in G; U N(xi+®) in G, U N(N(x®) in G/
- - - 4
=N2(Xi(3)) in Gy U{Xi(ﬁ), Xie2®, Xieg®, s Xien® Xin®, Xi+1(7)} in G 1 U { Xie2® Xiea®, % @, o Xin®@ %@ ,Xim} in G
=N2(Xi(3)) in Gy U{Xi(s), Xir2®, Xirs®, oo Xian®, Xid®, i1, %@, xi 7)} in G
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Here x©, xi2® | xi:5@ ... Xi:n® are the common elements in N(x;:«®) in G,and N(N(x") in G; .
3
do(xi @) in Gi= do(x@) in Gy + (d(xier®) in G+ |N(N(><i ))| in G/)-n.
= 2(n+1)+(n+2+n+2)-(nN)=3(n+2)= [(n+3)-(n)[ (n+3-1), (0 <i<n).
d,- of each vertex in C®, where C® is the cycle induced by the vertices {x®/ 0 <i<n}
No(xis2®) in Gy = No(xi®) in G U N(xi @) in G U N(N(x::.®) in Gy

- ! -
:NZ(Xi+1(6)) In Gl u {Xi+1(3), Xi+2(3), Xi+3(3)y--- Xi+n(3), Xi(4), Xi(z)}m G U {Xi+1(3), Xi+2(3), Xi+3(3),--- Xi+n(3)a Xi+1(4)
@ G
Xis1 '} in Gy .

= NZ(Xi+1(6)) in Gll U{ Xi+1(3). Xi+2(3), Xi+3(3),--- Xi+n(3). Xi(4), Xi(z)). Xi+1(4) :Xi+1(2)} in G,
Here, Xis1®, Xis2®, Xira®, ... Xisn® are the common elements in N(x; V) in G;and N(N(xi+.®)in G,
2 6
do(xir®) in G, = (da(xisr®) in G, + (d(x®) in G, + |N(N(Xi+1 ))| in Gy)-n.
do(xir1®) in G, = 2(n+1)+(n+2+n+2)-(n)=3(n+2)= [(n+3)-(n)[ (n+3-1), (0 <i<n).

Next consider the edge x® x® for (0 <i<n).
For gO <i<n).
NG = £ i1, X2, Xies®, ... Xien®@ %@, %3P} in Gy and [N () [=n+2 in Gy

- 4 4 - !
NNX@)) = {xi1®, %2, Xie2®... Xien® X1 ® x @} in G and ‘N(N(Xi ))‘ =n+2 in G,

i ' . '
N(Xi(s)) = {Xi+1(5), Xi+2(5) s Xi+3(5),... Xi+n(5)y Xi(s), Xi+1 (8)} In G1 and | N (Xi(s)) | =n+2 in G1 .

5
N(N(Xi(s))) = {Xi+1(4), Xi+2(4), Xi+3(4),... Xi+n(4),Xi+2(3), Xj (1)} in G, and ‘N(N(X| ))‘ =n+2 in Gy,

d ,- of each vertex in C, where C* is the cycle induced by the vertices {x;*/ 0 <i <n}
No(6) in G, = No(x®) in G, U N(x @) in G1 U N(N(x®@)in C1

!
,Xi(s)} in G1

- - 4
=N2(Xi(2)) in Gy U{Xi+1(5), Xi+2(5), Xi+3(5), ---Xi+n(5)a Xi(e)y Xi+1 (8), Xi+1(6)v Xi(s)} n Gl .

Here Xi1®, Xi2® , xiis® | ... X are the common elements in N(x; ®) in G, and N(N(x{“)) in G,
d(x®) in G, = dpy(x @) in Gy + (d(x: @) in G+ |N(N(Xi4))| in Gr)-n.
= 2(n+1)+(n+2+n+2)-(n)=3(n+2)= [(n+3)-(n)[ (n+3-1), (0 <i<n).
d,- of each vertex in C®, where C® is the cycle induced by the vertices {x®/ 0 <i<n}
No(x @) in G, = No(xi @) in Gy U N(x @) in G1 U N(N(x ®) in Gy.

- ! -
= Na(x (5)) n Gl U{Xi+1(4), Xi+2(4). Xi+3(4).--- Xi+n4 ,Xi(s) ) Xi+3 @ }in GyU { Xi+1(4). Xi+2(4), Xi+34 yoes Xi+n4:Xi+2(3)
% PYin Gy

!
= Na(Xi (5)) in Gl U {Xi+1(4): Xi+2(4). Xi+3(4),--- Xi+n4 .Xi(S), Xi+3 (1). Xi+2(3), Xj (1)} inGy.
Here Xi1™®, Xi2®, Xisa® ,..... Xisn® are the common elements in N(x; ) in G, and N(N(x; ®) in G..

d,06®) in G, = (do(x @) in ! + (d(x¥) in G, + N(N(Xis))‘ inGy) - n
do(x; @) in G, =2(n+1)+(n+2+n+2)-(n) = 3(n+2) = [(n+3)-(n)[ (n+3-1), (0 <i<n).

In G,, for (1<t <8), d,(x") = [(n+3)-(n)[ (n+3-1), for (0 <i<n).
G,is (n+3, 2, ((n+3)-(n)) (n+3-1))-regular on (n+1) x 2"*" = 8(n+1) vertices with the vertex set V(G,) ={xV/(1 <t <

2™, (0 <1 < n)}and E(Gy)= E(G1)U E(CHUH® xi1® %@ %, %@ %11 ©@ x®@ x® [0 <i<n}.
Therefore, the result is true for r = n+3.

Let us assume this result is true for r = m+n+1
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That is , there exist (m+n+1, 2, (m+1)(m+n))- regular on (n+1) x 2™ vertices with the vertex set V(Gn)={x"/(1 < t <

2m+l —t

.
2™ (0 <i <m)}and EGn)= EGna)U E(Ch ) U X a1 (O <i<n).

t=1

That is, for(1< t <2™%), d,(xY) = (m+1)(m+n), for (0 <i< n) and d(x’) = m+n+1.

Take another copy of G, as Gr'n with the vertex set.

V(Go)={x 2™ +1 <t <2™3?), (0<i<n)}and each x{?, (2™ +1 < t<2™*?), corresponds to x¥, (1 <t <2™*1), for
(0<i<n).

The desired graph G has the vertex set V(Gn+1) = V(Gp)U V(Gr'n ) and
2m+1
, (t) 2™ 2ty
edge set E(Gps1) = E(Gr)U E(Gy ) U{Xi Xist(mod2) /(0<i<n)}.
t=1

Now the resulting graph G is (m+n+2) regular graph having (n+1) x 2™ *? vertices.

2m+l
) ) 2™ 2ty
Consider the edges U{Xi Xitt(mod2) /(0 <i<n)}.
=1

For (1 <t<2™%), d,- of each vertex in C®, where C is the cycle induced by the vertices{x;"/ 0<i<n}.

N(x; ) in Gt = Na(x; ) in G U N( Xi+t(mod2)2m+27t+l) in G, U N(N(x; ) in G, .
2™2_t41 t
o) in Grer = da(x®) in Gy + d( M002) yin Gy, +|N(N(X; ))‘ in G, .
= (m+1) (m+n) + ((m+n+1)+(m+n+1))-n, for (0 <i<n).
= (m+2) (m+n+1), for (0 <i<n).
d, of each vertex in ¢2™?%-t+1), where c2™2-t+1) is the cycle induced by the vertices{x; 2™?-t+1)/0<i<n}.
X 2M2 ¢4 x. 22 49 ' X 2™2_t41
N( i+t(mod2) ) in Gmsa=Na( i+t(mod2) )in Gm +N(Xi(t)) in G, + |N(N( i+t(mod2) )) | in G
X 2™2_t41
d, (" t(mod2) ) in Gmst = (M+1)(m+n) +((m+n+1)+(m+n+1))-n, for(0 <i<n).
= (m+2) (m+n+1), for (0 <i<n).

IN Gner, for( 1 <t <2™?), dega(xi®)=(m+2)(m+n+1), for (0<i < n).

That is ,there exist (m+n+2, 2, (m+2)(m+n+1)) regular on (n+1) x 2™ vertices with the vertex set V(Gm:1) = {x/(1 <
it

t<2™2), (0 <i <n)}and E(Gme1) = E(Gy) UE(Gp ) U{Xa(t) Xiot(mod Z)ZM_M/ (0<i<n)}.

That is, for(1<t <2™?), dy(x") =(m+2)(m+n+1), for (515 i <n) and d(x{®)=m+n+2.

If the result is true for r=m+n+1, then it is true for r=m+n+2.

Therefore, the result is true for all r > n.

That is, for any r>n > 2, there is a (r, 2, (r —n) (r - 1)) - regular on (n+1) x 2 ™" vertices.

Corollary 3.4: Foranyr>2, thereisa (r, 2, (r-2) (r-1)) - regular graph on 3 x 2”2 vertices [10].

Corollary.3.5: For any r > 3, there is a (r, 2, (r-3) (r-1)) - regular graph on 4 x 2 vertices. [11].

Corollary 3.6: Forany r> 4, thereisa (r, 2, (r-4) (r-1)-regular graph on 5 x 2™ vertices

Summary 3.7: In theorem 3.3, if we putn=2, 3,4, .... r, then we get (r, 2, (r-2)(r-1))-regular graph, (r, 2, (r-3)(r-1)) -

regular graph, (r, 2,(r-4)(r-1) — regular graph , (r, 2, (r-5)(r-1)) — regcular graph ..... (r, 2, 4(r-1))-regular graph, (r,2,3(r-
1))-regular graph, (r,2,2(r-1))-regular graph, (r, 2, (r-1))-regular graph, (r, 2, 0)-regular graph. ...

© 2018, IIMA. All Rights Reserved 213



N. R. Santhi Maheswari*/ (r, 2, (r-n)(r-1)) - regular graphs / IIMA- 9(4), April-2018.

REFERENCES

1.

N

10.

11.

Y.Alavi, Gary Chartrand, F. R. K. Chang, Paul Erdos, H. L. Graham and O.R. Oellermann ,Highly irregular
graphs- Journal of Graph Theory, Vol.11, No.2, (1987), 235-249.

Alison Pechin Northup, A Study of Semiregular Graphs, Bachelor thesis, Stetson University (2002).

G. S.Bloom. J. K. Kennedy and L.V. Quintas - Distance degree regular graphs, The theory and Applications of
Graphs, Wiley, New York, (1981), 95 - 108.

J.A.Bondy and Murty U.S.R. Graph Theory with Application MacMillan, London (1979).

Gary Chartrand, Paul Erdos, Ortrud R. Oellerman - “How to Define an irregular graph”, College Math
Journal,19. (1988).

Harary , F(1969) Graph theory, Addition Wesley.

K.R .Parthasarathy,, Basic Graph theory, TataMcGraw- Hill Publishing Company Limited. New delhi.
N.R.Santhi Maheswari and C,Sekar (r, 2, r (r-1))-regular graphs, International journal of Mathematics and Soft
Computing,vol. 2.N0.2(2012),25-33.

N.R.Santhi Maheswari and C,Sekar (r, 2, (r-1) (r-1))-regular graphs, International journal of Mathematics
Combinatorics ,vol.4.(2012),40-51.

N.R.Santhi Maheswari and C,Sekar (r, 2, (r-2) (r-1))-regular graphs, International Journal of Mathematical
Archive-4(1), 2013,242-251.

N.R.Santhi Maheswari and C,Sekar (r, 2, (r-3) (r-1))-regular graphs, International J. of Math.Sci.Engg.Appls,7
No.ll (March.2013), pp.313-321.

Source of support: Nil, Conflict of interest: None Declared.

[Copy right © 2018. This is an Open Access article distributed under the terms of the International Journal
of Mathematical Archive (IJMA), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.]

© 2018, IIMA. All Rights Reserved 214




